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Background: Appendicectomy for acute appendicitis, but not for other causes, is in-
versely associated with immune-mediated diseases such as ulcerative colitis, suggesting
appendicitis is a marker of immune characteristics inﬂuencing immune-mediated
disease risk. This study investigated the association of appendectomy and its under-
lying diagnosis with multiple sclerosis (MS).
Methods: Swedish general population registers and the Swedish MS register provided
information on 20 542 cases with MS diagnosed between 1964–2006 and 204 157
controls matched for age, sex, period and region. Appendicectomy prior to MS
diagnosis was identiﬁed in 673 cases and 6518 controls. Conditional logistic regression,
with adjustment for socio-economic index, assessed the association of diagnosis
underlying appendicitis with MS risk.
Results: A perforated appendix, the best indicator of acute appendicitis in this
material, was inversely associated with MS, although not statistically signiﬁcantly,
with an odds ratio (and 95% conﬁdence interval of 0.86 (0.70–1.04). The odds ratios
are 1.04 (0.94–1.16) for appendicitis without perforation and 1.14 (0.98–1.33) for
appendectomy without appendicitis.
Conclusion: Although inconclusive in terms of assessing the hypothesis, these results
may help to explain why earlier studies of appendicitis and MS risk have been
inconsistent, as there may be variation in association by diagnosis underlying
appendicectomy.
Introduction
Appendicitis may indicate immunological characteris-
tics relevant to multiple sclerosis (MS) risk: activation
of peripheral blood mononuclear cells, including those
causing inﬂammatory destruction of myelin, occurs in
lymphoid tissue [1]. The cause of appendicectomy may
be relevant, as acute appendicitis is inversely associated
with another immune-mediated disease, ulcerative
colitis (UC) [2], but not appendicectomy for non-spe-
ciﬁc pain [2]. A similar association has been reported
for coeliac disease [3]. Previous studies of MS and
appendicectomy have produced inconsistent results,
perhaps because they did not examine the reason
underlying appendicectomy [4–6] .
Materials and methods
Cases were 20 542 patients diagnosed with MS in
Sweden between 1964 and 2006, identiﬁed using the
National Inpatient Register (NIR) and the MS Register
between 2000 (when established) and 2006.
For each case, ten controls without MS were selected
from the Total Population Register and matched by
year of birth, sex, county of residence and vital status
at time of diagnosis. One case and six controls were
excluded because of missing information.
Appendicectomy was identiﬁed using the Swedish
Classiﬁcation of Operations and Major Procedures
using data obtained from the NIR [3]. Appendicectomy
was characterized as perforated (most likely to indicate
acute appendicitis), non-perforated and other appen-
dicitis (least likely to indicate acute appendicitis). A six-
category socio-economic index was based on census
occupation data. The data were linked using the unique
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personal identity number issued to all Swedish residents
[7].
This study was approved by the Karolinska Institute
regional ethics committee.
Statistical analysis
Conditional logistic regression (using STATA 10 soft-
ware, StataCorp LP, College Station, TX, USA) was
conditioned on the risk-set structure deﬁned by the
matching process, with additional adjustment for
socio-economic index. Further analyses were stratiﬁed
by age at MS diagnosis, year of diagnosis and sex.
Results
Cases and controls had a similar female predominance
(Table 1). There is no statistically signiﬁcant asso-
ciation between appendicectomy and MS (Table 2).
Although not statistically signiﬁcant, there is some
evidence of variation in association by diagnosis
underlying appendicectomy with an inverse association
for a perforated appendix and the greatest magnitude
positive association for the other category. Adjustment
for socio-economic index did not alter the results
notably. Too few subjects had appendicectomy prior to
age 20 years to produce robust results. Adjustment by
sex, stratiﬁcation by year of birth or limiting cases to
those identiﬁed through the MS Register did not alter
the results notably (data not shown).
Discussion
In this register-based study, we examined the associa-
tion of MS with appendicectomy categorized by its
likely underlying diagnosis. The results are not statis-
tically signiﬁcant, but the observed variation in associ-
ation by diagnosis underlying appendicectomy may
help to explain the contradictory ﬁndings reported by
previous studies [5,6].
Appendicectomy with a perforated appendix is the
most reliable indication of acute appendicitis. Appen-
dicitis without perforation may indicate less severe
acute disease and possibly greater aetiological hetero-
geneity [3], whilst appendicectomy for other reasons is
least likely to be due to acute appendicitis. Thus, per-
foration may be the best indicator of acute appendicitis,
signalling immune characteristics or exposures relevant
to immune-mediated disease risk.
We used data from the NIR, which is estimated to
include more than 99% of all discharge diagnoses. All
analyses were internally stratiﬁed by risk-set through
conditional modelling, so the study is unlikely to suﬀer
from bias resulting from temporal or spatial variation
in MS or appendicectomy. To ensure diagnostic accu-
racy in MS, a sub-analysis was limited to cases identi-
ﬁed through the MS Register where CSF oligoclonal
Table 1 Characteristics of the cases and controls
Individuals
with MS
Individuals
without MS
Total number (224 699) 20 542 204 157
Male (%) 7142 (34.7%) 71 377 (34.9%)
Age at MS diagnosis/study entry (years)
£20 602 6040
21–35 4915 49 060
>35 15 025 149 057
Mean/median 46.3/45.0 46.3/45.0
Total appendicectomy 673 6518
Perforated 112 1305
Not perforated 380 3635
Other 181 1578
Age at appendicectomy
<20 165 (24.5%) 1544 (23.6%)
‡20 508 (75.5%) 4971 (76.2%)
MS, multiple sclerosis.
Table 2 Multiple sclerosis and appendicec-
tomyExposed
cases
Exposed
controls
Unadjusted
OR (95% CI)
Adjusted for SES
OR (95% CI)
Overall 20 542 204 157 1.03 (0.95–1.12) 1.07 (0.98–1.16)
Age at appendicectomy
<20 165 1544 1.07 (0.91–1.26) 1.11 (0.94–1.31)
Type of appendicectomy
Perforated 112 1303 0.86 (0.70–1.04) 0.88 (0.73–1.08)
<20 7 39 0.96 (0.60–1.53) 1.03 (0.64–1.66)
Not perforated 380 3634 1.04 (0.94–1.16) 1.09 (0.98–1.21)
<20 20 151 1.12 (0.90–1.39) 1.18 (0.95–1.47)
Other 181 1578 1.14 (0.98–1.33) 1.17 (1.00–1.36)
<20 3 27 1.03 (0.77–1.37) 1.03 (0.77–1.38)
OR (95% CI), odds ratio (95% conﬁdence interval).
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band data highly speciﬁc for MS [8] are available.
Diagnostic accuracy has been evaluated as over 96% of
diagnoses amongst patients identiﬁed using the MS
Register [9].
Potential limitations of the study include imprecise
characterization of the diagnosis underlying appendi-
citis [3]. This weakens the possibility to identify a true
association. The inverse association of acute appen-
dicitis with UC is most notable for appendicitis before
age 20 years [2], but the number with perforated
appendicitis below age 20 years in this study may have
been too small to produce reliable estimates. The results
for appendicitis before age 20 years were not consistent
with the hypothesis. We had no information on
exposures such as smoking. Smoking is positively
associated with acute appendicitis, MS risk and MS
disease progression [10–14]. Whilst this would not cause
a spurious inverse association between acute appen-
dicitis and MS, it could mask one. MS may be
heterogeneous in aetiology [15], but we could not divide
MS into meaningful clinical subsets [16].
Although the results are inconclusive, they may help
to explain why earlier studies of appendicitis and MS
risk have been inconsistent and emphasize the potential
importance of characterizing appendicectomy by
underlying diagnosis.
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